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Abstract 

Background: Clinical examination with the use of scoliometer is a basic method for scoliosis detection in school 
screening programs. Surface topography (ST) enables three-dimensional back assessment, however it has not been 
adopted for the purpose of scoliosis screening yet. The purpose of this study was to assess the usefulness of ST for 
scoliosis screening. 

Methods: 996 girls aged 9 to 13 years were examined, with both scoliometer and surface topography. The Surface 
Trunk Rotation (STR) was introduced and defined as a parameter allowing comparison with scoliometer Angle of 
Trunk Rotation taken as reference. 

Results: Intra-observer error for STR parameter was 1.9°, inter-observer error was 0.8°. Sensitivity and specificity of 
ST were not satisfactory, the screening cut-off value of the surface topography parameter could not be established. 

Conclusions: The study did not reveal advantage of ST as a scoliosis screening method in comparison to clinical 
examination with the use of the scoliometer. 
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Background 

Idiopathic scoliosis is a three-dimensional developmental 
deformity of the spine. It affects about 2 - 3% of adoles- 
cents population [1-3]. Scoliosis progression occurs 
more frequently among girls and during puberty, which 
contributes to the fact that young females of 10 to 12 
years old are the most susceptible to occurrence and 
progression of scoliosis [4]. 

Scoliosis screening is a broadly discussed topic 
[3,5-11]. Arguments against screening exist: (1) low pre- 
dictive value leading to excessive number of children 
referred to specialists; (2) possibly increased amount of 
x-ray imaging in children; (3) lack of certainty about 
which small scoliosis (below 20° of Cobb angle) will pro- 
gress and require treatment; (4) cost issue and (5) stress 
induced by examination [12,13]. Despite those facts, 
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screening is the most important factor preventing from 
the deformity progression. It has been reported that 
early scoliosis detection allows early treatment with bet- 
ter outcome [1,5,6,9,14-17]. 

Scoliosis screening has not been designed to serve as a 
diagnostic method. Its main purpose is to select children 
with high probability of occurrence of idiopathic scolio- 
sis out of total population. The most important criteria 
for screening test are: accuracy, reproducibility, sensitiv- 
ity and specificity. The screening test should be quick, 
cheap, easy to perform, safe, noninvasive, acceptable and 
should have well-defined cut-off values [9,18-21]. The 
number of children positively screened (suspected of 
having scoliosis) should correspond to prevalence of 
idiopathic scoliosis in the population [7]. Children with 
intermediate trunk asymmetries ought to be rechecked 
at school within a few months as long as the asymmetry 
is not progressive [2,22]. 

The gold standard for idiopathic scoliosis diagnosis is 
x-ray imaging, however children are not exposed to it 
for screening purpose, because of the radiation risk 
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[7,23]. The basic method of school screening for scolio- 
sis is clinical examination in forward bending position 
(Adams test) with the use of scoliometer which can be 
performed either in standing or in sitting position, Fig- 
ure 1, [24,25]. The scoliometer measures the Angle of 
Trunk Rotation (ATR). Bunnell defined the following 
screening cut-off criteria [26]: 

♦ the trunk rotation is within normal limits: ATR from 
0° to 3°, 

♦ the trunk rotation is intermediate: ATR from 4° to 

6°, 

♦ the trunk rotation is relevant and it is highly prob- 
able that the child has scoliosis: ATR > 7°. 

Scoliometer examination reveals good repeatability 
and reproducibility [27]. For the cut-off value of the 
ATR equal to or greater than 7° the scoliometer exami- 
nation is characterized by high sensitivity (83,3%) and 
high specificity (86,8%) [15]. 

Surface topography (ST) is a method of trunk shape 
evaluation, based on external body contour assessment 
which can be performed with the use of several techni- 
ques. The historical moire ST was based on interference 



of grids projected onto subject's back [18,28-32]. Cur- 
rently used methods base on computerized image captur- 
ing and digitally calculated parameters. The following 
techniques utilize: (1) raster stereography based on dis- 
tortion of grid composed of parallel lines projected onto 
back [18,33-35] or (2) body scanning with light beam and 
its distortion analysis [18,36,37]. In our country a porta- 
ble raster stereography device is available (CQ Electronic 
System, Wroclaw, Poland) and was used in this study. 
The accuracy of measurement reported by the producer 
equals 1 millimeter or 0.1 degree [38]. A variety of sur- 
face topography techniques, a multitude of assessed para- 
meters together with lack of specific cut-off values, as 
well as limited availability of equipment seem to be main 
reasons why the surface topography examination is still 
not used for scoliosis screening. On the other hand, the 
accuracy of the three-dimensional assessment, the harm- 
lessness and possibility of data storage make the surface 
topography examination potentially advantageous. Sur- 
face topography is usually performed in standing erect 
position, however it is not possible in standing position 
with trunk forward flexion, Figure 2. 





Figure 1 Measurement of Angle of Trunk Rotation with Bunnell scoliometer in sitting position with forward bending: A 
- posterior view. 



side view, B 
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Purpose of the study 

The purpose of this study was to assess the usefulness of 
surface topography method for school screening for sco- 
liosis. Scoliometer examination was used as a reference 
examination. 

Methods 

The study has been performed with the approval of the 
Poznan University of Medical Sciences Bioethics Com- 
mittee, decision number 1112/08. Agreements of school 
principal and of parents were required prior to 
examination. 

Examination included 996 girls between age of 9 and 
13, average 11.0 ± 1.0 years. Clinical evaluation of the 
spine, the ATR measurement with the use of Bunnell 
scoliometer and the surface topography examination 
with the use of CQ Electronic System (Poland) device 
were performed on the same day by one observer (J.C.). 
Additionally 10 children underwent ST examination 
performed by 3 researchers in order to measure value of 
inter-observer error for Surface Trunk Rotation (STR) 
parameter. 

Scoliometer examination required uncovering of the 
upper part of the body; the girls did not have to take off 
their bras. Scoliometer examination was performed in a 
sitting on a chair position with forward bending of the 
trunk. ATR measures were done on three levels of the 
spine: proximal thoracic, main thoracic and lumbar, and 
the maximal ATR value was retained. Number of posi- 
tively screened children was determined based on the 
ATR > 7° criterion. 

For surface topography examination, it was necessary 
to uncover the whole surface of the back and to mark 



anatomical landmarks: spinous processes from C7 
through SI, and posterior superior iliac spines. During 
examination the light was turned off and the child was 
sitting with forward flexion of the trunk, the shoulders 
over the pelvis and the knees flexed at right angle, Fig- 
ure 3. The projection angle was 90°, which means that 
the camera was placed perpendicularly to the measured 
surface. The 40 milliseconds images of the back were 
captured with a CCD camera. Recording of a sequence 
of images took from 5 to 15 seconds then one image, 
the most characteristic to the child was chosen for 
further analysis. 

On each spine level from C7 through SI the angle of 
surface rotation (a angle) is contained between two 
adjacent lines: (1) a line situated within the frontal plane 
and (2) a line which connects two points lying on the 
back surface, situated symmetrically on the left and on 
the right side of the corresponding spinous process. The 
distance between the two points (point A and point B) 
was defined to be equal to the distance between the two 
posterior superior iliac spines of the patient (PSIS). The 
distance between each point and spinous process (S) is 
equal to half a distance between two PSIS, Figure 4. The 
maximal value of the trunk rotation was named the Sur- 
face Trunk Rotation (STR) and was automatically picked 
up with the dedicated software as the highest rotation 
value of 19 spine levels from C7 to SI. 

The repeatability of ST examination was assessed 
based on the value of intra-observer error and inter- 
observer error [39]. The intra-observer error for the 
STR parameter was assessed based on examination per- 
formed twice by the same researcher in the group of 50 
girls (100 examinations in total). There was a break 
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Figure 3 Sitting forward bending position as used for surface topography examination: A - side view, B - posterior view as produced 
with surface topography. 



between examinations to perform several bends, jumps, 
arms swings and sit-ups. The value of inter-observer 
error for STR was assessed in the group of ten girls 
examined by three researchers. Each girl was examined 
once by each researcher (30 examinations in total) and a 
break was taken between examinations. 

Surface topography measurement results were com- 
pared to scoliometer measurement results treating scoli- 
ometer measurement as a reference. Assessment of the 
repeatability, sensitivity, specificity, positive predictive 
value and negative predictive value of surface topogra- 
phy measurement was performed, assuming the value of 



ATR > 7° as the reference value. The calculations were 
performed four times, for the Surface Trunk Rotation of 
7, 6, 5 and 4 degrees, respectively. Time required for 
performing surface topography examination and scoli- 
ometer examination was assessed. 

Results 

The number of girls positively screened with the use of 
scoliometer (ATR value greater than or equal to 7°) was 
45, the percentage was 4.5%. 

Out of 996 subjects, 21 results of surface topography 
(2.1%) had to be excluded from analysis because of the 





ne(2) 



ne(1) 



Figure 4 Surface Trunk Rotation (STR) parameter setting. Left - surface trunk rotation on nineteen spine levels, from which the maximal 
value is automatically selected and named STR. Right - scheme showing the surface trunk rotation angle determination: the line (1) is situated 
within the frontal plane, the line (2) connects two points: A and B situated at the surface at equal distance from the corresponding spinous 
process;/AB/is equal to the distance between two PSIS,/AS/is equal to half a distance between two PSIS,/AS/is equal to/BS/. 
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surface topography image artifacts. No patient had to 
be excluded from the scoliometer examination analysis. 
For the STR parameter the value of intra-observer 
error was 1.9° and the value of inter-observer error 
was 0.8°. 

The number of children presenting true positive, true 
negative, false positive, false negative results of surface 
topography examination in relation to the Bunnell scoli- 
ometer examination is presented in Table 1. 

The sensitivity, specificity, positive predictive values 
(PPV) and negative predictive values (NPV) of the STR 
are presented in Table 2. 

The ATR measurement lasted around 2 minutes (from 
1 to 3 minutes) per child. Surface topography evaluation 
with image assessment lasted about 10 minutes (from 7 
to 15 minutes) per child. 

Discussion 

In this study, the percentage of girls positively screened 
with the use of scoliometer (ATR value greater than or 
equal to 7°) corresponded with the literature data: Bun- 
nell: 2-3% [2], Fong: 0.1-7.45% [3], Yawn: 4.1% [22], 
Korovessis: 4.37% [40]. 

As it is recommended to perform clinical examina- 
tion in forward bending position for obtaining better 
visualization of spine alignment and trunk rotation, we 
choose the forward bending position during ST exami- 
nation for the same reason. Traditionally, scoliometer 
examination is performed in standing forward bending 
position while surface topography in standing erect 
posture. In this study, both examinations were per- 
formed in sitting position with trunk flexion. Conse- 
quently, the trunk rotation parameters of both 
examinations (scoliometer Angle of Trunk Rotation 
and surface parameter Surface Trunk Rotation) could 
be compared. Other advantages of the sitting position 
are the posture stability and no impact of lower limbs 
discrepancy on the pelvis level. 



Table 1 Results of surface topography measurement in 
relation to the Bunnell scoliometer measurement 



ATR 

scoliometer 


STR 

surface 

topography 


True 
positive 


False 
positive 


False 
negative 


True 
negative 


> 7° 


> 7° 


12 


13 


19 


931 


> 7° 


> 6° 


15 


42 


16 


902 


> 7° 


> 5° 


20 


113 


11 


831 


> 7° 


> 4° 


24 


273 


7 


671 



ATR - angle of trunk rotation, STR - surface trunk rotation. 

The number of children presented with the true positive, true negative, false 

positive, false negative results 



Table 2 Sensitivity, specificity, positive and negative 
predictive value of surface trunk rotation related to ATR 

>7° 



ATR 

scoliometer 


STR 

surface 

topography 


SENSITIVITY 

[%] 


SPECIFICITY 

[%] 


PPV 

[%] 


NPV 

[%] 


> 7° 


> 7° 


38.7 


98.6 


48.0 


98.0 


> 7° 


> 6° 


48.4 


95.6 


26.3 


98.3 


> 7° 


> 5° 


64.5 


88.0 


15.0 


98.7 


> 7° 


> 4 ° 


77.4 


71.1 


8.1 


99.0 



ATR- angle of trunk rotation, STR -surface trunk rotation, PPV -positive 
predictive value, NPV -negative predictive value. 



Surface topography was reported to measure precisely 
the trunk asymmetry [34,41-43]. 

This study revealed the following disadvantages of sur- 
face topography method in scoliosis screening: 

a) difficulty to definite the cut-off values for the sur- 
face topography parameter (STR), 

b) unsatisfactory sensitivity and specificity of the sur- 
face topography examination, 

c) the ST examination was more complex than scoli- 
ometer examination and it required longer training, 

d) the children had to uncover completely their back 
for the ST examination, 

e) the ST examination took five times longer than eva- 
luation with the use of scoliometer - because it requires 
longer preparation associated with full uncovering of 
subject's back, marking of relevant points on it, image 
selection and evaluation, 

f) necessity of the ST equipment delivery, the room 
adaptation and access to a computer, 

g) estimated cost of the ST device used in this study 
was equal to the cost of 280 scoliometers. 

During surface topography examination, the need to 
uncover the whole surface of the back turned out to be 
problematic, especially for adolescent girls in school 
environment. To overcome this problem we used a 
screen to separate the examination area as well as a spe- 
cially constructed disposable breast cover for girls, Fig- 
ure 5. 

Surface topography evaluation allows examination of 
patients in both upright and forward bending positions. 
The sitting position with trunk flexion allows to evaluate 
trunk rotation (Figure 3), so the results can be com- 
pared with scoliometer examination results. Other 
advantages of the sitting position are the posture stabi- 
lity and no impact of lower limbs discrepancy on the 
pelvis level. 

The intra-observer error for STR parameter was 1.9° 
which was higher than that of the inter-observer error 
(0.8°). The possible reason can be related to methodolo- 
gical differences in calculating both errors. There were 
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Figure 5 Breast cover: A - scheme, B - anterior view, C - posterior view, D - lateral view. 



more patients taken into account for the purpose of cal- 
culation of the intra-observer error (50 children exam- 
ined twice by one observer, which gives 100 values) 
than for the calculation of the inter-observer error (10 
children examined once by 3 observers which gives 30 
values). 

Based on the trunk rotation assessment results we can 
state that CQ surface topography evaluation has a good 
repeatability and reproducibility. However, it was not 
possible to choose a reasonable cut-off value of the sur- 
face topography parameter. For the value of STR > 5° 
the sensitivity was 64.5% and the specificity was 88%. 
For the value of STR > 4° the sensitivity was 77.4% and 
the specificity was 71.1%. No STR value provided simul- 
taneously a satisfactory sensitivity and a satisfactory 
specificity. 

One of the limitations of the study is that the children 
did not undergo radiographic examination. Although 
scoliometer has been widely used for screening purpose, 
it still has its own limitations. It may not be fully reli- 
able as a standard for comparison of surface topography 
because the ultimate assessment of scoliosis currently 
depends on radiography. 

Based on the available data [8-10,12,16,17], the esti- 
mated cost of school screening for scoliosis ranges 
from less than USD 1.00 to more than USD 30.00 per 
child screened. The lower estimates considered calcu- 
lations for conducting screening program per se, 
borne by the screening centers or schools. The higher 
estimates include the induced medical care costs: 
health care visits and tests resulted from referral 
recommendations. Our own observations suggest that 
the use of scoliometer can decrease the cost of school 



screening for scoliosis and the use of surface topogra- 
phy increase it. 

Conclusions 

The study did not reveal advantage of the surface topo- 
graphy as a screening method in detection of idiopathic 
scoliosis in comparison to clinical examination with the 
use of the scoliometer. 
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